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PROBLEM TO BE SOLVED: To eliminate the limitation of the 
shape, bore and length of a discharge chamber by installing an 
antenna itself for plasma generation purpose in a vacuum container 
and to stably generate large-size, large-volume and high- density 
plasma by coating all surface of an antenna conductor with an 
insulator. 

SOLUTION: A whole antenna conductor 5 is put in a vacuum 
container 1 for a plasma generator, eliminating the need for a 
barrier rib and a top plate of an insulator to permit the effective 
use of all induced field emitted from an antenna. The inductance of 
the antenna is made smaller or the antenna conductor 5 is coated 
with an insulator whereby abnormal discharge is restricted, 
resulting in stable high-density plasma. 
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* NOTICES * 




iTPO and NCI PI are not responsible £or any 
damages caused by the use o£ this translation. 

1 .This docximent has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The plasma generator characterized by installing the antenna which impresses high-frequency power 
and is made to generate induction field in the plasma generator of the inductive-coupling method by high 
frequency discharge in a vacuum housing. 

[Claim 2] The plasma generator characterized by putting all the front faces of an antenna to a vacuum in the 
plasma generator shown in claim 1 . 

[Claim 3] The plasma generator characterized by covering all the front faces of an antenna with the insulator in 
the plasma generator shown in claim L 

[Claim 4] It is the plasma generator characterized by consisting of linear conductors which carry out termination 
without an antenna's going around in the plasma generator shown in claim 1 . 

[Claim 5] It is the plasma generator characterized by an antenna consisting of linear conductors of the typeface 
of at least one or more KO, or a radii form in the plasma generator shown in claim 1 thru/or claim 4. 
[Claim 6] The plasma generator characterized by arranging the linear conductor which forms the frame of the 
typeface of two KO which constitutes an antenna, or a hemicycle in the plasma generator shown in claim 5 in 
accordance with the wall of a vacuum housing. 

[Claim 7] at least one or more shape of a straight line by which the antenna is arranged in accordance with the 
wall of a vacuum housing in the plasma generator shown in claim 1 thru/or claim 4 — it constitutes from a 
conductor — having ~ these shape of one or more straight line ~ the plasma generator characterized by 
supplying the high frequency current to juxtaposition to each of a conductor. 

[Claim 8] in the plasma generator shown in claim 1 thru/or claim 4, an antenna consists of ring-like conductors 
— having — the shape of this ring ~ one with a conductor ~ this ~ for other one point which counters one point 
on a diameter line — the shape of a ring — the plasma generator characterized by supplying the high frequency 
cvirrent to a conductor, 

[Claim 9] The plasma generator characterized by forming the field generating means which makes a plasma 
consistency viniform in the outside of a vacuum housing in the plasma generator shown in claim 1 thru/or claim 
4. 

[Claim 1 0] The plasma generator characterized by electric capacity inserting immobilization or an adjustable 
capacitor between the node of the earth side of an fintenna, and touch-down in the plasma generator shown in 
claim 1 thru/or claim 4. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention supplies the high frequency current to an antenna, generates high 
frequency electric field, generates the plasma by the electric field, is concerned with a plasma generator useful 
to the plasma treatment equipment which carries out surface treatment, such as etching and thin film formation, 
to a substrate side, and is suitable for processing large area substrates, such as a glass substrate for liquid crystal, 
especially. 
[0002] 

[Description of the Prior Art] In the field of the processor using the plasma of the dry etching system used by 
the production process of a semiconductor device or a liquid crystal display, an ashing device, plasma-CVD 
equipment, etc., etc., diameter-ization of macrostomia is demanded also for the source of the plasma of a 
processor with enlargement of a processing substrate in recent years. Moreover, on the other hand, in order to 
secure an etching rate, a membrane formation rate, and a throughput, the densification of the plasma under a 
high vacuum is demanded. 

[0003] Among these, in order to promote the excitation efficiency of the plasma about the densification of the 
plasma, the method of using a RP and generating inductively coupled plasma (Inductively Coupled Plasma, 
Following ICP and an abbreviated name) is adopted. ICP can make the coil for antenna excitation mainly able 
to generate induction field for the high frequency current in a vacuum by the sink and this, can generate the 
plasma, and can generate the high density plasma to homogeneity under a high vacuum. 
[0004] One example of the plasma treatment equipment using the conventional ICP is shown in drawing 12 . 
The vacuum housing to which 21 performs etching processing of a substrate etc. in drawing 12 (process 
chamber). Insulator septa, such as a quartz with which 22 was prepared in a part of vacuum housing, the RF 
antenna of the circxraiference configuration which has the number of turns of 1 or more ******s in which 23 
was prepared the shape of a loop formation, and in the shape of a spiral along with the wall surface by the side 
of the atmospheric air of the insulator septum 22, The discharge room where, as for the RP generator by which 
24 supplies high-frequency power to a RF antenna, and 25, an exhaust port is generated, and, as for 26, the 
discharge plasma is generated, and 27 are substrate electrodes. 

[0005] However, if it is going to diameter [ of macrostomia ]-ize the path of the discharge room 26 more than 
400mmphi, in order to obtain the mechanical strength which is needed for resisting the differential pressure of 
the open air under atmospheric pressure, and the discharge interior of a room under a high vacuum by the 
conventional method of drawing 12 The induction field reinforcement which must make thickness of the 
insulator septum 22 the thickness of no less than 10-30nmi, and is enfiitted from the RF antenna 23 for this 
reason There were problems, like decrease exponentially and discharge effectiveness worsens as it becomes far 
from an antenna, the inductance of an antenna 23 becomes large, and the high-frequency voltage generated at an 
antenna becomes high. 

[0006] Instead of forming an antenna so that the side face of a discharge room may be made to go aroxmd in this 
way on the other hand, the discharge room top face of a vacuum housing was used as the top plate of an 
insulator, and there was also a method which installs an antenna in the outside. However, by this method, when 
the thickness of the insulator of the top plate of the thing of 300nmiphi tended to diameter[ of macrostomia ]-ize 
the diameter of a discharge room to being about 20nim more than 400mmphi, in order that the diameter of a 
discharge room in the present condition might secxire a mechanical strength, there was a problem that the 
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thickness of no less than Su-SOmm was needed. 
[0007] 

[Problem(s) to be Solved by the Invention] In the conventional inductive-coupling mold plasma generator 
which installs a RF antenna in the wall surface by the side of the insulator septum of a vacuum housing, or the 
atmospheric air of a top plate The thickness of an insulator must be sharply increased as the path of a discharge 
room becomes large. Moreover, since only the induction field component emitted to the field side which 
touches the insulator septum or top plate of a vacuum housing among the induction fields emitted fi*om an 
antenna was used for maintaining a discharge, there was a problem that the use effectiveness of the high- 
fi-equency power switched on was bad. 
[0008] 

[Means for Solving the Problem] In order to solve the above-mentioned trouble, in the plasma generator by this 
invention, install the antenna itself in the location of the arbitration inside a vacuum housing, that is, make it an 
intemal antenna, and it is made for all the fi*ont faces of an antenna to be in a vacuum, and while enabling it to 
use effectively all the induction fields emitted fi*om an antenna, the need using the septum and top plate of an 
insulator is abolished. Moreover, if the big electrical potential difference at an antenna is impressed to 
coincidence by this invention in the case of an intemal antenna, since it will become easy to produce 
abnormality discharge, the inductance of an antenna is made small as much as possible, and it is considering as 
the structure which 1 or more ******s of antennas do not go Euroimd at least. Below, the principle of this 
invention is explained in fiiU detail. 

[0009] Since the antenna itself is put to the plasma when an antenna is introduced in a vacuum chamber, ion and 
an electron flow into an antenna depending on the electrical potential difference impressed to an antenna. Since 
the passing speed to the RF electromagnetic field of the ion and electron in the plasma differs greatly at this 
time, in a time average, the electron in the plasma flows into an antenna superfluously effectually, and plasma 
potential rises, consequently, the densification of the plasma by the increment in injection high-frequency power 
— following — an antenna — the rise of the plasma potential by the electrostatic coupling with a conductor 
becomes remarkable, and abnormality discharge is caused in a vacuiim housing. Thus, with the ICP plasma of 
an intemal antenna mold, there is a problem of being hard to acquire the stable high density plasma. Moreover, 
the increment in an electrostatic coupling enlarges the amplitude of the high-frequency voltage impressed to the 
plasma through a sheath from an antenna. Increase of the amplitude of high-frequency voltage induces the 
turbulence of the plasma (increase of RF fluctuation of plasma potential). Consequently, fluctuation of the 
plasma at the time of etching or thin film formation becomes large (for example, increase of ion incidence 
energy), and we are anxious about the effect of a plasma damage. Therefore, in the ICP plasma production of an 
intemal antenna mold, the reduction in the operating voltage of the high-frequency voltage to impress is 
important, and, for that purpose, inductance reduction of an antenna and control of an electrostatic coupling are 
required. 

[0010] For this reason, in fliis invention, it is characterized by installing the antenna itself in the location of the 
arbitration in a vacuum housing so that it may describe at claim 1 . It becomes possible to generate the high 
density plasma of the diameter of macrostomia, without being restricted to the configuration, aperture, and die 
length of a discharge room by this. 

[001 1] Moreover, in this invention, it is characterized also by putting all the front faces of the antenna 
concerned to a vacuum so that it may describe at claim 2. 

[0012] in order to control the increment in the electrostatic coupling accompanying the formation of an intemal 
antenna by this invention fiirthermore so that it may describe at claim 3 ~ an antenna ~ it is characterized also 
by covering all the front faces of a conductor with an insulator. 

[0013] Furthermore, by this invention, in order to control the increment in the inductance accompanying 
enlargement of an antenna so that it may describe at claim 4, it is characterized by constituting an antenna from 
a linear conductor which carries out termination without going around. 

[0014] Furthermore, by this invention, it is characterized also by aiming at reduction in an inductance by 
constituting an antenna from a linear conductor of the typeface of at least one or more KO, or a radii form so 
that it may describe at claim 5. 

[0015] Furthermore, by this invention, an antenna is characterized also by taking the structure which arranges 
the linear conductor which forms the frame of the typeface of two KO, or a hemicycle in accordance with the 
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wall of a vacuum housin^o that it may describe at claim 6. 

[0016] at least one or more shape of a straight line which has furthermore arranged the antenna in accordance 
with the wall of a vacuum housing by this invention so that it may describe at claim 7 ~ a conductor — 
constituting ~ these shape of one or more straight line — it is characterized also by supplying the high frequency 
current to juxtaposition to each of a conductor. 

[0017] furthermore, this invention describes to claim 8 — as — an antenna — a ring-like conductor ~ constituting 
— the shape of this ring ~ one with a conductor — this — for other one point which counters one point on a 
diameter line — the shape of a ring — it is characterized also by supplying the high frequency current to a 
conductor. 

[0018] Furthermore, by this invention, it is characterized by attaching the permanent magnet of a multi-cusp 
mold in accordance with the outer wall of a vacuum housing so that it may describe at claim 9, and the 
consistency of the plasma in a vacuum housing may become uniform. 

[0019] Furthermore, by this invention, in order to control the high-frequency- voltage increase by large power 
injection so that it may describe at claim 10, when electric capacity inserts immobilization or an adjustable 
capacitor between the termination of an antenna, and touch-down, it is characterized by reducing by half the 
airraid high-frequency voltage generated at an antenna. 

[0020] Drawing 1 explains the basic configuration of the plasma generator by this invention. In addition, 
although the configuration of 1 example equipment of this invention is shown in drawing 1 for convenience, 
this invention is not limited to this. 

[0021] the antenna according [ accord / an exhaust port and 4 / a substrate electrode / on drawing 1 and / 1 / 2 / a 
vacuum housing (process chamber) and / 5 ] to this invention in a top plate and 3 — a conductor and 6 — an 
antenna ~ the insulator tube which covers all the front faces of a conductor 5, and 7 — an antenna — the capacity 
which makes a conductor 5 float from touch-down (floating) ~ immobilization or an adjustable blocking 
capacitor, and 8 and 9 — an antenna — while supporting a conductor 5 — an antenna — it is the introductory 
terminal which supplies high-frequency power to a conductor 5. 

[0022] an antenna — 1 by which the conductor 5 has been arranged along with the intemal surface of a vacuum 
housing 1 although only the cross section was shown by a diagram the line of various configurations, such as a 
typeface of KO more than **, or a radii form, ~ it consists of conductors, those lines — each conductor is built 
by tiie die length which carries out termination without going around the die length which does not go the 
intemal surface of a vacuum housing 1 around, i.e., an intemal surface. Specifically, tiie pattem of an antenna as 
shown in drawing 3 , drawing 9 , drawing 10 , and drawing 1 1 etc. is applicable. 

[0023] Since the whole antenna for plasma excitation is held in the vacuum housing 1 , it is not necessary to 
form a part of vacuxmi housing with a thick insulator ingredient, and diameter [ of macrostomia ]-izing of 
equipment is easy, and a configuration change of an antenna can also be made arbitrarily and easily. 
[0024] illustration — like — the inside of a vacuum housing 1 — an antenna — electrical potential difference 
which generates at an antenna the electrical potential difference (Vsheath) impressed to the sheath field of the 
plasma as shown in the equal circuit of drawing 2 when all the front faces of a conductor 5 are covered by the 
insulator tube 6 (Vantenna) A part for the fall of potential in an insulator (Vinsulator </SUB>) It can use and 
can express like a degree type. 

Vsheath= Vantenna -Vinsulator =Vantenna Zsheath/(Zinsulator H-Zsheath) (1) 

It is Zinsulator here. And Zsheath shows the impedance of an insulator and a sheath field. These impedances 
mainly consist of a resistance component and an electrostatic-capacity component. When high-frequency power 
is increased and the consistency of the plasma increases, Zsheath decreases to the increment (notes: electrostatic 
capacity of sheath is inversely proportional to thickness of sheath.) sake in the electrostatic capacity by 
reduction of the equivalent resistance in the plasma (resistance component), and the fall of the thickness of a 
sheath. (Notes: In order that electrostatic capacity may carry out the electrostatic-capacity component of an 
impedance proportionally [ inverse number ], the increment in electrostatic capacity of a sheath contributes to 
reduction in an impedance.) Zinsulator is not concerned with the plasma state to this, but according to a fixed 
thing, the value of Vsheath becomes small, so that a plasma consistency becomes high. Thus, by covering an 
antenna front face with an insulator, the electron flow close to an antenna is intercepted and the electrostatic- 
coupling component of an euitenna and the plasma is controlled. Consequently, rapid increase of the plasma 
potential accompanying the densification of the plsisma is controlled, and the high density plasma production 
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i^^^ormality discharge becomes possible. :^^^a 



stabilized without causingaDnormality discharge becomes possible. MWeover, when sheath potential becomes 
small, sputtering to the vacuum housing wall and antenna by the plasma is controlled, and impurity mixing into 
a base material front face or a thin film can be reduced. 

[0025] Let it be requirements to have the thermal resistance which does not produce a problem even if what it 
has a sufficiently (for example, single or more figures) larger impedance than the equivalent impedeince of a 
sheath for (Zinsulator »Zsheath) is required and is further put to the plasma directly in the quality of the 
material of an insulator, and selection of thickness, chemical stability, a mechanical strength, electric insulation, 
etc. For this reason, thickness should just be about 2-4mm with the quality of the material of the ceramic 
dielectric group which can fill high resistance, such as high purity alumina, a quartz, and a zirconia, high 
insulation, and a low dielectric constant to coincidence, for example. 

[0026] Drawing 3 shows one example of the antenna configuration which carried out termination without going 
around, the RF antenna 1 0 currently illustrated ~ a cross section ~ the inside of the rectangular vacuum housing 
1 ~ a line — it is the example of an antenna with the frame of the shape of a rectangle which two antennas which 
made the character of KO go half round a conductor along with a wall surface were made to counter, carried out 
parallel connection, and constituted them. When the vacuum housing 1 is making the shape of a cylinder, an 
antenna with the frame of the circle configuration which two patterns of a semicircle were opposed instead of 
the pattern of the character of KO, and carried out parallel connection can be used. In addition, it is also 
possible to carry out parallel connection of the antetma which divided the rectangle or the round shape into three 
or more pattems if needed, and to use the antenna in which the whole has the frame of the shape of a rectangle 
and a circle configuration. 

[0027] Such a RF antenna 1 0 that does not go around can reduce sharply the inductance which an antenna has 
compared with the antenna of the configuration which goes [ coil / the conventional loop formation, ] aroimd. 
Consequently, increase of the high-frequency voltage accompanying high-frequency power increase can be 
controlled. 

[0028] A blocking capacitor 7 is inserted between the earth side terminal of the high frequency antenna 10, and 
touch-down, and high-frequency power is supplied to a drive side edge child through the adjustment machine 
1 1 . Drawing 4 (a) and (b) show the equal circuit of the touch-down mold antenna by which direct continuation 
was carried out to touch-down potential, and the suspension mold antenna connected to touch-down potential 
through the capacitor. L is the inductance of an antenna, and rc here. The internal resistance of an antenna, CO, 
CI , and C2 A matching capacitor and Cb A blocking capacitor and omega are the angular frequency of the high 
frequency current. 

[0029] The high-frequency voltage which is generated between high potential side electrical-potential- 
difference I VH I of a RF antenna and low voltage side electrical-potential-difference |VL | in the case of which 
[ of drawing 4 (a) and (b) ] is the inductance L of antenna current Irf and an antenna, and the internal resistance 
rc of an antenna. It uses and is given by the formula shown in the following several 1. 
[0030] 
[Equation 1] 

I V„ -Vl I = I j coL + r c II rf^-coL I rt (2) 

[0031] It sets at the metal antenna generally used here again, and is internal resistance rc. It is small to extent 
which c£in be disregarded. Therefore, as shown in drawing 4 (b), it is a blocking capacitor Cb to the termination 
of an antenna. Potential | VL | of the antenna both ends in the case of the connected suspension mold antenna 
and |VH | can be expressed with a degree type, respectively. 
[0032] 

I VL |=(l-/omegaCb) Irf (3) 

I VH |=|l-/jomegaCb + jomegaL|Irf (4) 

When resonance conditions are satisfied in drawing 4 (a) and (b), it is L and CO. It is set to l-/omega2 = [CO 
C1/(C0+C1)] L=C1 L. 

[0033] Moreover, generally, since it is about 50-ohm low impedance, the input impedance in the adjustment 
machine 1 1 is CO »C1 . It fills. Furthermore, at the time of adjustment with an antenna, it is C [ 1/Cl =1 / ] 
2-f-l/Cb. It is satisfied. Consequently, the voltage ratio of the antenna both ends in the suspension mold antenna 
of drawing 4 (b) can be expressed like a degree type. 
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[0034] 
|VH A^L |=Cb /C2 (5) 

Since a low voltage side is fixed to touch-down potential (VL =0V), the amplitude of the high-frequency 
voltage by the side of the high potential in the case of the touch-down mold antenna which is carrying out direct 
continuation of the termination of the antenna shown in drawing 4 (a) to touch-down potential serves as 
omegaLrf. 

[0035] On the other hand, the electrical potential difference of the antenna both ends of the suspension mold 
antenna of drawing 4 (b) becomes smaller than a formula (2) and (5) to omegaLIrf. And termination capacity 
fulfills an equilibrium condition and it is Cb. C2 When a ratio is set to 1, minimxmi value VH =VL 
=omegaLIrfi^2 are obtained. 

[0036] here, when the simple case where leakage of the high frequency current to the plasma can be disregarded 
is assumed, it is shown in drawing 5 (a) and (b) — as ~ an antenna — the high-frequency voltage distributed 
along with a conductor ~ VL from — VH up to ~ it changes in the shape of a straight line, in this case, with the 
suspension mold antenna which connected the capacitor (Cb) to the antenna termination shown in drawing 5 (b) 
Each impedance of the blocking capacitor (Cb) inserted between the matching capacitor (C2) in the antenna (L) 
itself and an adjustment machine and touch-down potential is L= 2/omegaCb =2-/omegaC2 of omega. When 
satisfied. Electrical potential difference VH by the side of antenna height potential The amplitude serves as half 
[ of the amplitude (omegaLIrf) in the case of the touch-down mold antenna which connected to direct touch- 
down potential the antenna shown in drawing 5 (a) ]. 

[0037] and the line which does not go around as shown previously — the amplitude of the high-frequency 
voltage concerning an antenna can be greatly reduced by combining supplying the high frequency current to the 
antenna of a conductor, and inserting a capacitor in the termination of an antenna and taking adjustment of an 
impedance, the shape of for example, a ring as shown in drawing 9 which is one example of the antenna by this 
invention which does not go around — in the case of the antenna (double half loop antenna) of a conductor, an 
inductance is set to one half compared with the case of the anteima of one turn which the conventional method 
goes around with the diameter of said like mentioned later. For this reason, compared with the conventional 
method which connects that eeirth side electrode to touch-down potential directly using the antenna of 1 turn 
which goes around, the airraid amplitude of high-frequency voltage serves as those abbreviation 1/4. This 
shows that the high-frequency power of 16 times [ no less than ] as many high power as this can be supplied 
compared with the conventional method, when an electrical potential difference comparable as the conventional 
method is allowed as voltage to groimd amplitude generated at an antenna. 
[0038] 

[Embodiment of the Invention] One example of this invention equipment shown in drawing 1 is explained, this 
equipment — the interior of the cylindrical vacuum housing 1 with a diameter [ of 400mm ], and a height of 
200mm ~ an antenna ~ it fixes to two introductory terminals 8 and 9 prepeired in the container side attachment 
wall, and the RF antenna 14 which consists of a ring electrode with a diameter of 360mm shown in drawing 9 
as a conductor 5 is installed. And RF generator shown in one introductory terminal 8 of a container side 
attachment wall at drawing 9 (frequency: 13.56MHz) 12 is connected through the adjustment machine 11. And 
all the front faces of this ring electrode are covered with the insulator tube 6 of high grade alumina ceramics 
(99.6at%) with a thickness of 2mm. Let it be requirements to have the themial resistance which does not 
produce a problem even if what it has an impedance larger (for example, single or more figures) enough than 
the equivalent impedance of a sheath for (Zinsulator »Zsheath) is required and is further put to the plasma 
directly in the quality of the material of an insulator, and selection of thickness, as shown also in a formula (1), 
chemical stability, a mechanical strength, electric insulation, etc. For this reason, thickness should just be about 
2-4mm with the quality of the material of the ceramic dielectric group which can fill high resistance, such as 
high purity alimiina, a quartz, and a zirconia, high insulation, and a low dielectric constant to coincidence, for 
example. Moreover, the capacitor (electrostatic capacity: 400pF) is connected to the introductory terminal 9 of 
another side, and it is grounded through this capacitor. As shown in drawing 9 , an introductory terminal is 
arranged so that it may face each other on a diameter line to a ring-like electrode, and has structure (double half 
loop antenna) which supplies high-frequency power from two nodes on the diameter line of a ring-like 
electrode. By the supply system of such power, the inductance of an antenna is reduced by half compared with 
the case of the antenna of 1 turn which has the circumference configuration of the conventional method with the 
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f measuring the inductance of the ring electrode (full loop formation) used for this 
example, they were about 1200 nH(s). And as a result of measuring an inductance similarly in double half loop 
structure, 600nH was obtained, and the inductance was reduced by half. 

[0039] Moreover, the langmuir probe for plasma measurement was introduced using the introductory flange of a 
container side attachment wall, and the plasma state was measured with this probe. 

[0040] First, after exhausting the inside of a vacuimi housing up to 1x10 to 4 Pa with a vacuimi pump, from the 
gas inlet wWch is not illustrated, argon gas (Ar) was introduced to 1.1 Pa, high-frequency power was switched 
on to 120W-2400W, and the plasma was generated in the vacuum housing. At this time, the plasma consistency 
of a vacuum housing core (antenna installation side - 65mm) was measxired with the langmuir probe. 
[0041] Moreover, in order to examine the effectiveness of the capacitor inserted in the earth side of an antenna, 
about the case (touch-down mold antenna) where it connects with direct touch-down potential, it experimented 
and the case (suspension mold antenna) where a capacitor was inserted was compared with antenna termination. 



[0042] The relation of the RF injection power (Prf) and the plasma consistency (np) in the antenna condition of 
a suspension mold antenna and each touch-down mold anteima is shown in drawing 6 . it sees in this drawing — 
as ~ a suspension mold antenna and a touch-down mold antenna — any ~ also setting — the increment in Prf ~ 
following — np np increase, and the high density plasma of 5x101 1 (cm3) is acquired for a charged-particle 
consistency by Prf=2.4kW, and according to the difference in an antenna touch-down condition It tums out that 
there is no difference. Moreover, the plasma consistency obtained by this example shows that the high density 
plasma of utilization level is acquired easily, even when the diameter of a discharge room by the conventional 
method was comparable as what is obtained with the plasma generator below SOOmmphi, or had become a high 
value from it, and it diameter [ of macrostomia ]-izes compared with the plasma generator of the conventional 
method according to the plasma generating method of this invention. 

[0043] Furthermore, change of the high-frequency voltage (Vantenna) in the touch-down mold antenna 
measured with the oscilloscope to coincidence and each suspension mold antenna is shown in drawing 7 . In the 
case of a touch-down mold antenna, it is np. In the field beyond Prf500W which becomes more than 1x101 1 
(cm3), it is dependent on the increment in Prf, and Vantenna. It increases. On the other hand, in the case of the 
suspension mold antenna which fulfills a high-frequency- voltage equilibrivim condition, it is Vantenna not more 
than the one half in the case of a touch-down mold antenna, or it. A value is shown. And with the touch-down 
mold antenna, about 1/is stopped by the electrical potential difference of 3 with Vantenna =600V with the 
suspension mold antenna to Vantenna = abbreviation 1800V at the time of Prf=2.5kw. Inserting in the earth side 
of an antenna the capacitor which fulfills a high-frequency voltage equilibrium condition from these results 
enables reduction of the electrical-potential-difference value concerning an antenna, without reducing a plasma 
consistency, and it makes easy generation of the stable high density plasma by large power injection. 
[0044] The same equipment as the example of drawing 1 is used, and it is £irgon gas (Ar). It introduced to 1 . 1 
Pa, high-frequency power was switched on to 120W-2400W, and the plasma was generated in the vacuimi 
housing. The termination of an antenna was connected to direct touch-down potential at this time. Moreover, in 
order to examine the effectiveness of insulator covering on the front face of an antenna at this time, it compared 
with the antenna front face by conducting the same experiment about the case where it does not consider as the 
case where an insulator is covered. 

[0045] Change of the plasma consistency (np) to the RP injection power (Prf) in each antenna condition is 
shown in drawing 8 . In the case of an antenna condition without insulator covering, depending on the 
increment in Prf, a plasma consistency (np) increases to Prf=500W. However, when it became more than 
Prf==500W, abnormality discharge occurred frequently in the everywhere in a vacuum housing (for example, 
introductory terminal area), and the stable plasma was not able to be acquired. Plasma potential rises rapidly 
with the increment in a plasma consistency, consequently this is considered that abnormality discharge arose in 
every place in a vacuimi housing. 

[0046] On the other hand, it is np, without causing abnormality discharge to the increment in Prf with the 
antenna covered with the insulator. It increases, and by Prf=2.4kw, the high density plasma of 5x101 1 (cm-3) is 
stabilized, and is acquired. By having covered the antenna front face with the insulator, the electron which flows 
into an antenna from the plasma is intercepted, and this is considered to originate in as a result the rise of 
plasma potential having been controlled. Thus, it became clear that the high density plasma stabilized by 
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covering an antenna fron^^e with an insulator is acquired. 

[0047] Drawing 9 shows the example of the antenna which used the ring-like conductor, what 13 are a cylinder- 
like vacuum housing among drawing, and showed the cross section, and the shape of a ring by which 14 has 
been arranged in accordance with the wall of a vacuum housing 1 3 — it is the RF antenna which consists of a 
conductor, the shape of a ring — the diameter line of the arbitration of a conductor — the 2 The node of a driving 
side and the node of the earth side are set as the endpoint of **. the RF antenna 14 — these two nodes — two 
symmetrical hemicycles — a line — it has the structure which carried out parallel connection of the frame of a 
conductor. The high frequency current is supplied from RF generator 12 through the adjustment machine 1 1 at 
the node of a driving side, and the blocking capacitor 7 is inserted between the node of the earth side, and 
touch-down. 

[0048] Drawing 10 and drawing 1 1 show the deformation example of the equipment shown in drawing 3 . 
[0049] the whole the RF antenna 16 in the example of drawing 10 is indicated to be to drawing 3 — the inside of 
the RF antenna 10 of the shape of a rectangular frame ~ the shape of two or more straight lines — although a 
conductor is arranged in the shape of a fence and it has the same function substantially with the case of the 
example of drawing 9 — the high frequency ciurent — the shape of two or more straight line ~ since it can pass 
in parallel to a conductor, especially a cross section is effective in performing high density plasma production 
within the rectangular vacuum housing 15. 

[0050] Moreover, the example shown in drawing 1 1 is a multi-mold straight-line-like antenna which has 
arranged two or more straight-line-like antennas 18a-18f along with the internal surface of a vacuum housing 17 
a lengthwise direction, a longitudinal direction, or in the shape of two-dimensional. Parallel connection of each 
straight-line- like antennas 18a-18f is carried out on the outside of a vacuimi housing 17, and a blocking 
capacitor 7 is connected with the adjustment machine 1 1 . Although the example of drawing 1 1 has the same 
ftinction substantially with the case of the example of drawing 9 R> 9 if the point which is a multi-mold 
straight-line-like antenna is removed, it is effective in performing high density plasma production within the 
vacuum housing of a major axis especially with the diameter of macrostomia. In addition, it is also possible to 
change each straight- line-like antennas 18a-18f into the antenna of the typeface of KO or a radii form if needed. 

[0051] Moreover, in examples, such as drawing 1 , drawing 3 , drawing 9 , drawing 10 , and drawing 1 1 , the 
uniformity of a plasma consistency can be further raised by adding suitable field generating means, such as 
attaching the permanent magnet of a multi-cusp mold in accordance with the outer wall of a vacuum housing. 

[0052] 

[Effect of the Invention] In this invention, since the antenna for plasma production itself is installed in a vacuum 
housing, it is not restricted to the configuration, aperture, and die length of a discharge room, moreover, an 
antenna — by covering all the front faces of a conductor with an insulator, it becomes possible to be stabilized 
and to generate the high density plasma of the diameter of macrostomia, and the large volume. 
[0053] In order to control the increment in the inductance accompanying enlargement of an antenna by this 
invention furthermore, Since it is high-density and the plasma with low plasma potential is generated, when the 
linear conductor which does not go around is used for an antenna and electric capacity, in addition, inserts and 
adjusts immobilization or an adjustable capacitor between the termination of an antenna, and touch-down. Since 
the high-frequency power of large power can be supplied without generating abnormality discharge while 
making plasma treatment with few damages realizable, it is easy to attain densification of the plasma. 

[Translation done.] 
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damages caused by tbe use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
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CORRECTION OR AMENDMENT 



[Kind of official gazette] Printing of amendment by the convention of 2 of Article 17 of Patent Law 
[Section partition] The 1st partition of the 7th section 
[PubUcation date] October 25, Heisei 14 (2002. 10.25) 

[Publication No.] JP,2001-35697,A (P2001-35697A) 
[Date of PubHcation] February 9, Heisei 13 (2001. 2.9) 
[Annual volume number] Open patent official report 13-357 
[Application number] Japanese Patent Application No. 1 1-212238 
[The 7th edition of International Patent Classification] 

H05H 1/46 
HOIL 21/3065 

[FI] 

H05H 1/46 L 
HOIL 21/302 B 

[Procedure revision] 

[Filing Date] July 24, Heisei 14 (2002. 7.24) 

[Procedure amendment 1] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Claim(s)] 

[Claim 1] It is the plasma generator which installs the antenna which impresses high-fi-equency power and is 
made to generate induction field in the plasma generator of the inductive-coupling method by high fi-equency 
discharge in a vacuum housing, and is characterized by said antenna consisting of ring-like multipole antennas. 
[Claim 2] It is the plasma generator which installs the antenna which impresses high-frequency power and is 
made to generate induction field in the plasma generator of the inductive-coupling method by high frequency 
discharge in a vacuum housing, and is characterized by said antenna consisting of linear conductors which carry 
out termination without going around. 

[Claim 3] It is the plasma generator characterized by an antenna consisting of linear conductors of the typeface 
of at least one or more KO, or a radii form in the plasma generator shown in claim 2. 

[Claim 4] The pl2isma generator characterized by arranging the linear conductor which forms the frame of the 
typeface of two KO which constitutes an antenna, or a hemicycle in the plasma generator shown in claim 3 in 
accordance with the wall of a vacuimi housing. 

[Claim 5] at least one or more shape of a straight line by which said antenna is arranged in accordance with the 
wall of said vacuum housing which installs the antenna which impresses high-frequency power and is made to 
generate induction field in the plasma generator of the inductive-coupling method by high frequency discharge 
in a vacuum housing — it constitutes from a conductor — having — these shape of one or more straight line — the 
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plasma generator charactered by supplying the high frequency curr^Wb juxtaposition to each of a conductor. 
[Claim 6] in the plasma generator of the inductive-coupling method by high frequency discharge, the antenna 
which impresses high-frequency power and is made to generate induction field is installed in a vacuum housing, 
and said antenna consists of ring-like conductors — having — the shape of this ring — one with a conductor — 
this — for other one point which coxmters one point on a diameter line — the shape of a ring — the plasma 
generator characterized by supplying the high frequency current to a conductor. 

[Claim 7] The plasma generator characterized by forming the field generating means which makes a plasma 
consistency uniform in the outside of said vacuum housing in the plasma generator shown in either claim 1 , 
claim 2, claim 5 or claim 6. 

[Claim 8] The plasma generator characterized by electric capacity inserting immobilization or an adjustable 
capacitor between the node of the earth side of said antenna, and touch-down in the plasma generator shown in 
eitiier claim 1, claim 2, claim 5 or claim 6. 

[Claim 9] The plasma generator characterized by using either argon gas, hydrogen gas or nitrogen gas as a 

controlled atmosphere introduced in said vacuum housing in the plasma generator shown in either claim 1, 

claim 2, claim 5 or claim 6. 

[Procedure amendment 2] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0010 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0010] For this reason, in this invention, the antenna itself is installed in the location of the arbitration in a 

vacuum housing, and it is characterized by constituting said antenna with a ring-like multipole antenna so that it 

may describe at claim 1 . It becomes possible to generate the high density plasma of the diameter of 

macrostomia, without being restricted to the configuration, aperture, and die length of a discharge room by this. 

[Procedure amendment 3] 

[Docvmient to be Amended] Specification 

[Item(s) to be Amended] 001 1 

[Method of Amendment] Modification 

[Proposed Amendment] 

[001 1] Furthermore, by this invention, in order to control the increment in the inductance accompanying 

enlargement of an antenna so that it may describe at claim 2, the antenna itself is installed in the location of the 

arbitration in a vacuum housing, and said antenna is characterized by consisting of linear conductors which 

carry out termination without going around. 

[Procedure amendment 4] 

[Docxmient to be Amended] Specification 

[Item(s) to be Amended] 0012 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0012] Furthermore, by this invention, it is characterized by constituting said antenna from a linear conductor of 

the typeface of at least one or more KO, or a radii form so that it may describe at claim 3. 

[Procedure amendment 5] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0013 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0013] Furthermore, by this invention, it is characterized by arranging the linear conductor which forms the 

frame of the typeface of two KO which constitutes said antenna, or a hemicycle in accordance with the wall of a 

vacuum housing so that it may describe at claim 4. 

[Procedure amendment 6] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0014 

[Method of Amendment] Modification 

[Proposed Amendment] 
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[0014] at least one or mo^Rhape of a straight line which installed thSRenna itself in the location of the 

arbitration in a vacuum housing, and has furthermore arranged said antenna in accordance with the wall of a 

vacuum housing by this invention so that it may describe at claim 5 — a conductor — constituting — these shape 

of one or more straight line ~ it is characterized also by supplying the high frequency current to juxtaposition to 

each of a conductor. 

[Procedure amendment 7] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0015 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0015] furthermore, this invention describes to claim 6 — as — the antenna itself — the location of the arbitration 

in a vacuum housing — installing — said antenna — a ring-like conductor — constituting — the shape of this ring - 

- one with a conductor — this — for other one point which coimters one point on a diameter line — the shape of a 

ring — it is characterized also by supplying the high frequency current to a conductor. 

[Procedure amendment 8] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0016 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0016] Furthermore, by this invention, it is characterized by attaching a field generating means like the 

permanent magnet of a multi-cusp mold in accordance with the outer wall of a vacuum housing so that it may 

describe at claim 7, and the consistency of the plasma in a vacuiim housing may become imiform. 

[Procedure amendment 9] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0017 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0017] Furthermore, by this invention, in order to control the high-frequency- voltage increase by large power 

injection so that it may describe at claim 8, when electric capacity inserts immobilization or an adjustable 

capacitor between the termination of an antenna, and touch-down, it is characterized by reducing by half the 

airraid high-frequency voltage generated at an antenna. 

[Procedure amendment 10] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0018 

[Method of Amendment] Modification 

[Proposed Amendment] 

[001 8] Furthermore, by this invention, it is characterized by using either argon gas, hydrogen gas or nitrogen 

gas as a controlled atmosphere introduced in a vacuum housing so that it may describe at claim 9. 

[Procedure amendment 11] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0019 

[Method of Amendment] Deletion 



[Translation done.] 
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